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STATUS OF LOST RIVER SUCKER AND SHORTNOSE SUCKER
Josh E. Rasmussen
ABSTRACT.—The endangered Lost River sucker (Deltistes luxatus) and shortnose sucker (Chasmistes brevirostris) are
endemic to the Upper Klamath Basin, Oregon and California. The once very abundant populations have declined drastically
due to a combination of habitat loss and impairment, disruption of reproduction and gene flow, intensive harvest, and loss
of entire populations. Spawning populations within Upper Klamath Lake are declining and have not had significant recruitment for over a decade. In addition to habitat loss, these populations are threatened by periodic harmful water conditions
resulting from massive algal blooms and entrainment of larvae and juveniles into water delivery systems or hydroelectric
structures. Populations of shortnose sucker in Clear Lake appear to be relatively healthy and stable, but recruitment of
Lost River sucker appears to be sparse. These populations are affected by drought and water management. Other populations are potentially introgressed with Klamath largescale sucker (Catostomus snyderi) or lack sufficient spawning
opportunities to be self-sustaining and therefore function as sink populations. Although genetic and ecological similarities
between the species are strong, it is important to better understand the needs of both species individually to assure effectiveness and efficiency in recovery efforts. Determination of the factors limiting juvenile survival and recruitment is vital
and should be part of a broader program which includes comparison among populations to understand demography and vital
rates. Efforts should also include habitat restoration, improvement of water quality conditions, and reduction of entrainment,
as well as monitoring to evaluate effectiveness. Lastly, a controlled propagation program should be considered and/or
implemented to conserve unique genetic stocks and provide opportunity for augmentation of wild-spawned populations.
RESUMEN.—Las especies en peligro de extinción Lost River sucker (Deltistes luxatus) y shortnose sucker (Chasmistes brevirostris) son endémicas de la parte alta de la cuenca Klamath en Oregón y California. Las poblaciones que
alguna vez fueron muy abundantes han disminuido drásticamente debido a una combinación de pérdida y degradación
de los hábitats, interrupción de la reproducción y del flujo de genes, pesca intensiva y pérdida de poblaciones enteras.
Las poblaciones que desovan dentro del Lago Upper Klamath están disminuyendo y no han tenido un reclutamiento
significativo por más de una década. Además de la pérdida del hábitat, estas poblaciones se ven amenazadas por condiciones periódicas de aguas nocivas que son el resultado de la proliferación desmedida de algas y por el arrastre de larvas
y jóvenes a los sistemas de suministro de agua o estructuras hidroeléctricas. Las poblaciones de Chasmistes brevirostris
en el Lago Clear parecen estar relativamente saludables y estables, pero el reclutamiento de Deltistes luxatus parece ser
escaso. La sequía y el manejo de las aguas afectan estas poblaciones. Es posible que otras poblaciones experimenten
introgresión con el Klamath largescale sucker (Catostomus snyderi) o que carezcan de suficientes oportunidades para
desovar y así poder sostenerse por sí mismos, por lo que consecuentemente funcionan como poblaciones sumidero. A
pesar de que las similitudes genéticas y ecológicas entre las especies son grandes, es importante entender mejor las
necesidades individuales de ambas especies para asegurar la eficacia y eficiencia en los esfuerzos por recuperarlas. La
determinación de los factores que limitan la supervivencia y el reclutamiento de jóvenes es vital y debería ser parte de
un programa más extenso para entender la demografía y las tasas vitales, incluyendo las comparaciones entre las poblaciones. Estos esfuerzos también deben incluir la restauración del hábitat, el aumento en la calidad del agua y la disminución del arrastre, así como su monitoreo para evaluar su eficacia. Por último, debe considerarse y/o implementarse un
programa de propagación controlada para conservar las reservas genéticas únicas y brindar oportunidad para el aumento
de poblaciones que desovan en su ambiente natural.

In general, nonsport fish species of the western United States have received little attention
relative to sport fish or species that are from
more populous areas (Cooke et al. 2005). Abundances of many of these species have declined,
often unnoticed, to levels that warrant protection
under the Endangered Species Act (Riccardi
and Rasmussen 1999). Even though these species may receive support from and protection
of legislative efforts, recovery is often severely

hampered by a lack of basic biological information (Belk and Johnson 2007). Successful
recovery of imperiled species is dependent on
understanding and protecting the ecological and
genetic diversity within the species, as well as
on minimizing threats (Boersma et al. 2001).
The process of recovery or conservation of any
imperiled species involves an often complex
interaction of scientific, social, and political
forces (Ruckelshaus et al. 2002) from which
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policy-driven actions arise. The role of science
within this process is to provide pertinent biological information on status and threats to the
species and criteria needed to determine success
of recovery efforts (Ruckelshaus et al. 2002).
Because of the limited information on many
imperiled species, recovery actions are often
generalized to broader taxonomic levels (i.e.,
extrapolating the known ecology of species
related at the genus or even family level to the
species of interest) or to ecological groups (e.g.,
lake-dwelling or long-lived; Wilcove and Master 2005). This approach yields inefficient and
potentially ineffective recovery efforts. Boersma
et al. (2001) concluded that species included
in multispecies or ecosystem-based recovery
plans were 4 times more likely to continue
declining than species covered under singlespecies plans. Additionally, recovery efforts often
occur in discrete segments of species (e.g., populations, stocks, age classes), with little emphasis on synthesis of information to inform the
broader picture of species-level recovery.
It is necessary to periodically assess the pertinence of existing biological information and to
identify gaps within the data. A general framework for doing so includes assessing the current status of and threats to the species and
identifying the most fertile areas for future
study (Ruckelshaus et al. 2002, Belk and Johnson 2007). Here I examine the status of and
threats to 2 endangered western suckers and
recommend areas of future emphasis for science.
Lost River sucker (Deltistes luxatus) and
shortnose sucker (Chasmistes brevirostris) are
2 lake-dwelling species with a range restricted
to the Upper Klamath Basin (Fig. 1) located in
south central Oregon and northern California.
Gilbert (1897) and Evermann and Meek (1897)
described 2 additional species from Upper Klamath Lake, Chasmistes stomias and Chasmistes
copei, neither of which are known to occur in
the system presently. It is unclear whether
these descriptions represent true species that
have apparently been extirpated or forms of the
existing species (hybrids, ecotypes, or morphotypes) that have become uncommon (Moyle
2002).
Lost River sucker and shortnose sucker share
many similar ecological and life history traits.
Both are long-lived, iteroparous, relatively largebodied, and highly fecund species (Markle and
Cooperman 2002, Terwilliger et al. 2010). Both
species are essentially obligate lake-dwellers
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as adults but also utilize fluvial, littoral, and
limnetic habitats in the basin at some point
during the life cycle (e.g., spawning and rearing), and both exhibit apparent adaptations
(terminal to subterminal mouths) for zooplanktivory (Miller and Smith 1981, Cooke et al.
2005). Some differences do exist (such as morphology, spawning behavior, and larval habitat
preferences), but perhaps because of the preponderance of similarities, including strongly
overlapping ranges, and because they were
listed together as endangered, these 2 species
are often treated together. In large part, the
similarities are emphasized and the differences
are poorly acknowledged, leading to generalized
recovery efforts which may fail to address the
entire spectrum of diversity within each of the
species.
STATUS
Lost River sucker and shortnose sucker were
once extremely abundant, providing significant
support for indigenous cultures prior to European settlement (Cope 1879, Speir 1930, Stern
1965). Bendire (1889) describes an annual capturing and drying spectacle that occurred during springtime spawning runs up the Lost
River. Similarly, a large recreational fishery centered on the species well into the 20th century
(Markle and Cooperman 2002). However, by
the late 1960s, declines in overall catch and
average size of individual fish were documented
by the Oregon Department of Fish and Wildlife,
which considers the species to be a game fish
(Markle and Cooperman 2002). Unfortunately,
it is impossible to accurately quantify the magnitude of these declines, because even broad
estimates were lacking until very recently
(Markle and Cooperman 2002); however, it is
generally accepted that these species were both
extremely abundant but now only occur in much
lower numbers. The continued declines eventually prompted concurrent federal listing in
1988 of both species as endangered under the
Federal Endangered Species Act (USFWS 1988),
which also triggered an endangered listing by
the state of Oregon. Both species had been
previously listed by the state of California in
1974 (California Department of Fish and Game
2010).
The distributions of these species are well
defined, but demographic, ecological, or genetic
information is lacking in many respects. In
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Fig. 1. Distributional range of Lost River sucker (Deltistes luxatus) and shortnose sucker (Chasmistes brevirostris) in
the upper Klamath Basin, Oregon and California. Populations of suckers occur in Upper Klamath Lake, Clear Lake, Tule
Lake, Gerber Reservoir, and reservoirs along the main stem of Klamath River and Lost River. Populations of suckers also
occurred historically in Lower Klamath Lake and Lake of the Woods (a small lake approximately 16 km west of Upper
Klamath Lake).
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many instances, research focuses on periods in
the life cycle or populations that are easier to
sample, such as spawning congregations. However, this approach of opportunistically focusing on inherently more detectable portions of
populations may lead to a situation where
management decisions are influenced more by
the relative ease with which some data can be
collected rather than by more important biological needs of the species. Such research may
produce strong data on spawners and/or larvae
but limited data on juveniles or nonreproductive adults, and these limitations may ultimately
have important implications for the effectiveness
of recovery efforts. For example, Crouse et al.
(1987) determined that efforts to save imperiled
loggerhead sea turtles (Caretta caretta) were
focused on the life stage that was the least
responsive (eggs) to population recovery and
that efforts should be refocused on a more
responsive stage (juveniles). Similar conclusions
were drawn by Kinney and Simpfendorfer
(2009) concerning the relative importance of
nursery habitat for sharks in juvenile life stages.
While limited data can be useful and better than
no data at all, an incomplete understanding of
the ecology and status of species will always
pose challenges and create inefficiencies for
recovery.
Distributional Status
Prior to European settlement, Lost River
sucker and shortnose sucker occurred in approximately 4–5 lakes in the Upper Klamath
Basin of south central Oregon and northern
California, including the Lost River subbasin
(Fig. 1). The upper basin is formed by the Cascade Range to the west and high desert basin
and range systems to the east, and it drains to
the Pacific Ocean in northern California. Water
bodies with major populations historically included Upper Klamath Lake, Lake Ewauna,
Lower Klamath Lake, Tule Lake, and Clear
Lake. The latter 2 are located in the Lost River
subbasin. A population of suckers described as
shortnose sucker (NRC 2004), or Chasmistes
stomias (Andreasen 1975), also occurred until
1952 in Lake of the Woods, located approximately 16 km west of Upper Klamath Lake.
Upper Klamath Lake is a relatively large
but shallow freshwater lake at approximately
1263 m above sea level (Fig. 2). Prior to 1960,
surface area of the lake was between 31,600 and
44,900 ha, but since that time surface area has
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been managed to between 22,700 and 27,100 ha
(NRC 2004). Depths can reach up to 18 m in
some trenches along the western shores, but
average depth is 2.7 m, which translates into a
volume of approximately 630,000 acre-feet
(NRC 2004). The primary tributaries to Upper
Klamath Lake are the Williamson River, which
receives the Sprague River shortly before feeding into Upper Klamath Lake, and the Wood
River (Cummings 2007). Together the Williamson and Sprague rivers account for 79% of the
total area that drains into Upper Klamath Lake
(Risley et al. 2005). Groundwater is an important component of Upper Klamath Lake hydrology (Gannett et al. 2007). Many biologically
important springs or seeps enter directly into
the lake proper, namely, Harriman Springs,
Barkley Spring, and a series of small springs
along the eastern shoreline of the lake. Upper
Klamath Lake drains through a short outlet
known as Link River. Historically a natural reef
influenced lake levels, but this reef was lowered
in places and Link River Dam (completed in
1921) was placed downstream to allow for management of lake levels for irrigation purposes
(NRC 2004). The Link River flows a short distance (approximately 2 km) before emptying into
Lake Ewauna. When Keno Dam was placed
downstream, this second natural lake was altered and expanded due to its merger with the
Keno Impoundment.
Within the Lost River subbasin, Clear Lake
receives water from Willow Creek and subsequently gives rise to the Lost River, which runs
in an arching loop to the north before turning
south to empty into Tule Lake. Clear Lake (elevation 1366 m) is again a natural system that was
altered (expanded and deepened) by the placement of a dam (completed in 1910; BOR 2000).
This lake remains relatively shallow (average
depth 6.1 m) and broad (surface area up to
approximately 10,400 ha; NRC 2004), which
results in a high evaporation rate. Specific mention of the historical presence of sucker in this
lake is lacking, but their presence is probable,
given the high abundance of sucker downstream
in Tule Lake.
Tule Lake and Lower Klamath Lake are very
similar in many respects. These lakes were large,
shallow bodies of water with areas of emergent
aquatic vegetation. A ridge separated the 2 lakes
historically, but a small canal now carries water
pumped from Tule Lake into Lower Klamath
Lake, providing limited hydrologic connectivity.
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Fig. 2. Areas important to sucker biology in Upper Klamath Lake, Oregon. Spring sites of major known and historic
populations within Upper Klamath Lake are identified with symbols. Area identified as wetland habitat indicates shallow
areas of the restored delta of the Williamson River.
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High flows in Klamath River resulting from
spring runoff historically provided connectivity
between Upper Klamath Lake and these lakes,
but probably more so to Lower Klamath Lake,
which could maintain a relatively strong connection with Klamath River and Lake Ewauna
during wet periods (Gilbert 1897). However,
beginning in the 1930s, significant portions of
both Tule Lake and Lower Klamath Lake were
drained to provide area for agriculture, despite
much of the area having been designated National Wildlife Refuges to provide waterfowl
habitat (NRC 2004). The lakes currently receive
relatively little hydrologic input. Much of Tule
Lake’s main tributary, the Lost River, is diverted
for irrigation, and the Klamath River has been
levied to prevent flooding into the area previously occupied by Lower Klamath Lake and
surrounding wetlands.
Individuals of both species of sucker are
known to persist in Upper Klamath Lake, Lake
Ewauna, Clear Lake, and Tule Lake (USFWS
1988). However, the overall ranges of most of
these populations have been severely reduced
or isolated. No documentation of suckers within
Lower Klamath Lake has occurred in decades
(Buettner and Scoppettone 1991), but sampling
has been very limited. The overall distributional range of the species has been expanded
elsewhere by creation of reservoirs. The Klamath River has seen the addition of several
other downstream dams (J.C. Boyle, Copco 1
and 2, and Iron Gate dams), which create impoundments that are at least marginally suitable
for sucker survival, but not for reproduction.
Gerber Reservoir (created in 1914) on Miller
Creek supports a presumably reproducing population of putative shortnose sucker (BOR 2000,
NRC 2004). However, because dams and diversion structures throughout the system obstruct
upstream movement of spawning or dispersing
adults, populations in Tule Lake and Klamath
River impoundments function as sink populations in which adults are able to survive but no
evidence of significant reproduction has been
documented.
Demography
Spawning populations of Lake River sucker
and shortnose sucker within Upper Klamath
Lake are currently declining (Janney et al. 2008).
Between 1999 and 2008, approximately 25,000
Lost River sucker were captured and tagged
during surveys of the spawning populations in
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Upper Klamath Lake. Approximately 10,000
were associated with the river-spawning life
history and the remainder with the springspawning life history (Janney et al. 2009). Close
to 14,000 shortnose sucker, which predominantly exhibit the river-spawning life history,
were captured and tagged in Upper Klamath
Lake between 1995 and 2008 (Janney et al.
2009). From these spawning populations, large
numbers of larvae are hatched each year (Cooperman and Markle 2003, 2004, Cooperman et al.
2010, Ellsworth et al. 2010), and age-0 juveniles
can be found until late summer, when they
become very scarce (Bottcher and Burdick 2010,
Burdick and Vanderkooi 2010). Recruitment to
the spawning populations has been negligible
for the past 10–12 years (Markle and Cooperman 2002, Janney et al. 2008). Length-frequency
data suggest that the last significant recruitment to the adult population in Upper Klamath
Lake occurred in the late-1990s from fish that
were spawned earlier in that decade (Janney
et al. 2008). Consequently, spawning populations consist of a relatively homogenous size
distribution strongly skewed toward large individuals, which is interpreted to mean that the
age distribution is also relatively homogenous.
Terwilliger et al. (2010) concluded from ages
determined from hard structures (e.g., otoliths
and opercles) that the age distribution of present populations in Upper Klamath Lake has
been truncated relative to the few instances of
historical (1970 and 1986) data available.
For both species, sex ratios for captures in the
Williamson and Sprague rivers between 2000
(shortnose sucker) or 2001 (Lost River sucker)
and 2008 were skewed toward females, with the
ratio of males per female for Lost River sucker
(0.72) on average being slightly higher than
that for shortnose sucker (0.57; data from Janney et al. 2009). However, these ratios declined
for both species during this period. Sex ratios of
trammel-net captures of Lost River sucker associated with the eastern shoreline springs (1999–
2008) also steadily declined over time, from
4.72 males per female in 1999 to 0.91 in 2008,
with a median ratio of 1.82 (data from Janney
et al. 2009). Males consistently exhibit higher
mortality rates than females (Janney et al. 2008),
which can explain much of this declining trend
in sex ratios, but the ultimate causes of this
disparity in mortality rates is unknown.
Within Clear Lake, combined captures of
both species approach 10,000 individuals since
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2006 (Barry et al. 2009). Shortnose sucker within
Clear Lake appear to have had relatively regular
recruitment to the adult population, but the
Lost River sucker populations appear to exhibit
the same progression toward increasing lengths,
which is indicative of low levels of additions to
the spawning population (D. Hewitt, USGS,
personal communication 2011). Sex ratios (males
to females) from physical captures periodically
obtained from 1993 through 2008 are similar to
those of Upper Klamath Lake populations.
Ratios for Lost River sucker are slightly higher
than those for shortnose sucker (medians are
0.99 and 0.58, respectively), and a declining
trend is apparent, although significant gaps
within the data limit comparisons (Barry et al.
2009). Between 2006 and 2008, remote passive
integrated transponder (PIT) tag detections of
individuals entering Willow Creek for spawning
suggest important differences between the species. Sex ratios for Lost River sucker ranged
from 1.28 to 3.36, while ratios for shortnose
sucker ranged from 0.38 to 0.43 (Barry et al.
2009). It is unclear if the apparent disparity in
recruitment between the species is related to
these differences in sex ratios.
Since most other populations function as
sinks, the only other population with significant
spawning is found in Gerber Reservoir (putative
shortnose sucker only). This population persists,
but no data exists concerning its demography.
Ecological Status
Limited ecological variation has been noted
between Lost River sucker and shortnose sucker,
and as a result these 2 species are often lumped
together when conservation needs and recovery actions are addressed. However, important
diversity among and within populations of the
species exists. In general, shortnose sucker are
slightly smaller with a more terminal mouth,
while Lost River sucker possess a longer snout
and a relatively more ventral mouth, although
still subterminal. Differences are also evident
in the diets of adults. Shortnose sucker consume
a higher amount of small organisms relative to
detritus, while the opposite is true for Lost
River sucker. The common occurrence of detritus within the gut of adult shortnose sucker
suggests that its feeding is still closely associated
with the benthos.
Spawning behavior is very similar, with
both species exhibiting a river-spawning and
a spring-spawning life history, except that the
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spring-spawning component is much stronger
for Lost River sucker (approximately 30%; Perkins et al. 2000b, Janney et al. 2009). Both species ascend the Williamson and Sprague rivers
to spawn, from late February (shortnose sucker)
and late March (Lost River sucker) until late
May, while temperatures are at least 10 °C (Janney et al. 2009). Shoreline spring spawning is
also known to occur between February and May
at 4 primary sites (Cinder Flat, Ouxy Spring,
Silver Building Spring, and Sucker Spring) along
the eastern shoreline of Upper Klamath Lake
(Janney et al. 2009). Upon swim-up, larvae in
the river quickly drift downstream and utilize
vegetated, littoral habitats (Coleman et al. 1987,
Cooperman and Markle 2003, Ellsworth et al.
2009). The fate and disposition of larvae spawned
at the springs is unknown. Successful larval
production appears to be dependent on at least
3 factors: presence of emergent macrophytes,
air temperature, and a lack of strong wind
events (Cooperman et al. 2010). Larvae feed
within the water column until approximately
25 mm standard length, when they transition to
a benthic diet (Markle and Clauson 2006). Adult
Lost River sucker appear to inhabit slightly
deeper habitats than adult shortnose sucker.
Banish et al. (2009) found that based on 50%
kernel estimates, radio-tagged Lost River sucker
were often associated with relatively deeper
areas (e.g., immediately off of Ball Point and
Eagle Ridge Point), whereas shortnose sucker
tended to be more often associated with areas
relatively near the shoreline.
Populations in Clear Lake appear to exhibit
slightly different ecology in some respects.
Growth of individuals is higher in Clear Lake
than in Upper Klamath Lake, between 2 and 4
times higher in some instances (Barry et al.
2009). The reason for this disparity is unknown
and unexpected, especially since Clear Lake’s
relatively high turbidity results in less productivity than occurs in the less turbid Upper Klamath Lake; but this may reflect growth rates of
a younger population. Populations in Clear Lake
also spawn at an earlier date than those in Upper
Klamath Lake (Barry et al. 2009), which is potentially an adaptation to the relatively small
drainage that feeds Willow Creek, making the
system very sensitive to drought or variation in
the hydrograph.
For most other populations, data are again
notably limited. There have been reports of
limited fluvial populations in the Sprague River
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near Beatty Gap and in the main tributary to
Clear Lake (Willow Creek); however, data concerning any ecological differences between
these populations and their lake-dwelling counterparts is absent.
Genetic Status
The restricted geographical range and the
likelihood of genetic exchange among populations, and to a lesser extent among subbasins,
suggests that genetic differentiation is unlikely
to be very high. Although the species are morphologically and meristically distinct and exhibit
intraspecific variation geographically (Markle
et al. 2005), physical traits often suggest introgression (Miller and Smith 1981, Wagman 2003,
Markle et al. 2005), especially between shortnose sucker and Klamath largescale sucker (Catostomus snyderi). Temporal and/or spatial criteria are often used to distinguish these 2 taxa
(Markle et al. 2005).
The limited reports assessing genetic diversity suggest evidence for introgression and hybridization among shortnose sucker and Klamath
largescale sucker (Tranah 2001, Wagman 2003,
Tranah and May 2006). Microsatellite data reveal
intraspecific divergence of these 2 species between basins but not interspecific divergence
within basins (Tranah and May 2006). Mitochondrial DNA research indicates similar patterns of introgression and hybridization between
shortnose sucker and Klamath largescale sucker
(Dowling 2005). This research also identifies a
low level of introgression between Lost River
sucker and either shortnose sucker, Klamath
largescale sucker, or both. Of Lost River suckers surveyed, 2% possessed haplotypes common
to the other species. In contrast, 12% of the
shortnose sucker analyzed possessed haplotypes
common to Lost River sucker. The historical
patterns and significance of such introgression
require further investigation (Hubbs 1955, Dowling and Secor 1997).
Within Gerber Reservoir reside populations
of putative shortnose sucker and Klamath
largescale sucker which especially possess morphological and genetic traits intermediate to
both species. The provenance of this population
is unknown, given that the reservoir was created
in 1925 on a stream that “ran dry from June to
October in most years” (BOR 2000:12). Populations here either arose from established streamdwelling individuals or were introduced at some
point. Further investigations of this system may
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provide insight into the evolutionary relationship of shortnose sucker and Klamath largescale
sucker. It is unknown whether rates of hybridization between these species differ from
historical rates, and if so, how such changes
may affect the evolutionary legacy of the species
(Rhymer and Simberloff 1996).
Lost River sucker are readily distinguished
morphologically and genetically from shortnose
sucker and Klamath largescale sucker and
exhibit low intraspecific divergence between
the Lost River and the Klamath River subbasins
(Dowling 2005, Tranah and May 2006). There
is no detectable genetic distinction between
river-spawning and shoreline spring-spawning
subpopulations, but the site fidelity is very
strong (i.e., straying between spawning locations is extremely rare; Janney et al. 2009).
THREATS
In general, the most notable threats to the
species’ continued existence are the drastic
declines in abundance, reduction of species
resistance and resiliency due to loss of entire
populations or subpopulations, limited connectivity among remaining populations, and inability of several populations to produce successful
recruitment. For example, populations or subpopulations at Harriman Springs and Barkley
Springs and within the Wood River Drainage,
Lake of the Woods, and Lower Klamath Lake
have been entirely extirpated. Much of the connectivity among populations is “one-way,” with
individuals being able to move (either by entrainment or volitionally) to the lower parts of
the system but having their return upstream
movement blocked. Such conditions expose the
species to the risk of extinction, as there are
fewer individuals to weather detrimental events
and the species lack the ability to replenish
upstream populations when needed.
These threats result from the existence and
interaction of diverse factors, including habitat
loss, impaired water quality, entrainment into
water diversion, and hydroelectric structures.
In addition to these better-researched threats,
a myriad of other biological threats—such as
disease (e.g., Flavobacterium columnare or gillrot disease), predators (native lamprey and
salmonids, as well as avian), and introduced species (namely, fathead minnow [Pimephales promelas]; Markle and Dunsmoor 2007)—also potentially negatively affect the species; however,
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little is known of the relative or absolute effects of these factors. For example, an algal
hepatotoxin known to affect fish (Malbrouck
and Kestemont 2006) occurs in Upper Klamath
Lake and has been implicated in liver damage
of juvenile suckers (Vanderkooi et al. 2010). It
is largely unknown whether current conditions
are indicative of historical impacts or whether
effects have become exacerbated or reduced due
to water conditions and habitat alterations. Nevertheless, given the drastic reduction in population size and the lack of recruitment, even
impacts reflective of historical conditions have
the potential to be magnified.
Habitat Loss
Habitat loss can be absolute (reduction in
the physical extent of previously suitable areas)
or functional (degradation, separation, or alteration of habitat effectually limiting the services
previously provided by these areas). Both absolute and functional loss of habitat are common in this system (NRC 2004). Although not
all of the historical wetland habitat may have
been used directly by suckers, other areas often
provide ecological services important in the
dynamics of water quality and water quantity,
and thus may indirectly affect the species.
Approximately 55,000 ha (~50% at the time)
of lake and wetland habitat (or areas that influenced habitat) were lost when portions of
Tule Lake and Lower Klamath Lake were converted to agricultural use. Along the eastern
shore of Upper Klamath Lake, spawning and
rearing habitat have been reduced significantly
because of construction of a railroad, with much
of the remaining area significantly impacted
by associated boulder riprap. Quantitative estimates of the extent of this habitat loss are impossible, but current habitat along the eastern
shoreline is approximately only 0.25 ha.
Water management structures (dams and
diversions) are common throughout the system
(BOR 2000). By 1925, six major dams had been
constructed to serve the Klamath Project, including Link River Dam, Gerber Dam, Clear
Lake Dam, Wilson Diversion Dam, Malone Diversion Dam, and Anderson Rose Dam (BOR
2000). By enabling management of the system,
water management structures often create an
unnatural hydrology. Such conditions may alter
habitat which may directly affect suckers or
may limit the species’ ability to adapt to increased competition or predation by introduced
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species (Simon and Markle 1997, Markle and
Dunsmoor 2007). Water management structures
also reduce upstream connectivity throughout
the system and expedite habitat reduction by
diverting water for extensive irrigation. Chiloquin Dam, a nonproject dam completed in 1914,
restricted access to approximately 120 km of
spawning habitat and migration corridor.
In addition to these structures, the channelization of rivers and streams alters hydrologic
functioning and stream characteristics, such as
residence time. Habitat alteration also results
from agriculture and grazing, which affect riparian areas along rivers that serve as spawning
habitat. Such alterations can affect the biological
(e.g., allocthonous inputs), chemical or physical (e.g., nutrient or temperature loading), and
geomorphological (e.g., pool-riffle ratios and
sediment loading) functioning of rivers (Armour
et al. 1994, Rasmussen 2002).
Water Quality
Water quality is another factor contributing
to the functional loss of habitat, most notably
within Upper Klamath Lake (NRC 2004, Morace 2007, Hoilman et al. 2008). Algal communities have shifted within the past 100 years to a
near monoculture of the blue-green alga Aphanizomenon flos-aquae (Eilers et al. 2004), which
has the ability to fix atmospheric nitrogen and
regulate its own buoyancy (NRC 2004). Although
the exact mechanisms by which this alga came
to dominant the system are debated (NRC
2004), the combination of alga ecology and high
phosphorus load within the system from internal
sediment loads and external (i.e., agricultural)
inputs (Kuwabara et al. 2007) lead to massive
algal blooms. Resultant crashes and decomposition severely deplete dissolved oxygen levels
in the water and are likely a culprit in the considerable die-offs of fish in the lake, such as
those that occurred in 1996 and 1997 (Martin
and Saiki 1999, Saiki et al. 1999, Perkins et al.
2000a, Hoilman et al. 2008). Low dissolved
oxygen, in conjunction with elevated temperatures (>22 °C), is also associated with reduced
larval growth (Terwilliger et al. 2003). Abundances of Aphanizomenon flos-aquae also produce relatively high pH and high levels of unionized ammonia at levels that can be toxic to
suckers in the laboratory (Lease 2000, Wood et
al. 2006); however, variation of these parameters was not related to natural die-offs (Martin
and Saiki 1999).
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Entrainment

Lastly, entrainment of larvae and juveniles
is a major source of loss to the populations.
Many small diversions exist throughout the
Sprague and Williamson rivers and around
Upper Klamath Lake, but the 2 primary points
for entrainment within Upper Klamath Lake are
the A-canal and Link River Dam. Predominant
northwesterly winds drive a current, or gyre,
within Upper Klamath Lake that flows in a
clockwise direction (Wood et al. 2006). Larvae
and young juveniles unable to sufficiently resist
the force of the current are entrained in the
flow and swept toward the southern area of the
lake and into close proximity of the major outflows (Reithel 2006, Markle et al. 2009). This
entrainment certainly occurred historically, but
it is probable that littoral wetlands that have
since been altered or lost provided locations
that could retain many individuals, preventing
many from washing downstream (Markle et al.
2009). Whether losses due to entrainment are
compensatory (i.e., individuals would experience mortality whether entrained or not) or
additive to natural mortality is currently unknown. For example, all species, including juvenile sucker, sampled within the Link River
during summer 2009 had high incidence of
parasitic infection but few clinical signs of disease, a possible indication that weakened individuals were being entrained (Foott et al. 2010).
Losses additive to natural mortality would
represent a significant impact to the species.
The A-canal is a primary source for the vast
network of canals that serve the U.S. Bureau
of Reclamation Klamath Project (BOR 2000).
Individuals entrained into this system remain
within the canals until end-of-the-year salvage
efforts or are lost by further entrainment onto
agricultural fields or when drawdown occurs.
Recent efforts to reduce entrainment into the
A-canal include a fish screen that is engineered
to redirect individuals >30 mm in length back
into Upper Klamath Lake. Prior to screening,
an estimated 50,000 (1997) to over 200,000
young-of-the-year suckers were entrained into
the A-canal (Gutermuth et al. 2000a). With
this relatively new structure, entrainment into
the A-canal is significantly reduced, but the
overall effects to the fish are yet unclear. For
example, it is unclear whether the bypassed
fish remain in the Upper Klamath Lake or if
they are re-entrained in the A-canal or Link
River Dam.
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There are several points at Link River Dam
where fish can be entrained, 2 of which enter
hydroelectric facilities, while the others pass
directly into Link River. Gutermuth et al.
(2000b) estimated entrainment of approximately
110,000 suckers (primarily young-of-the-year)
into the hydroelectric facilities of Link River
Dam between 1997 and 1999. To reduce this
effect, cessation of operation during critical
periods has been adopted. Nevertheless, individuals can still pass directly into Link River
through the gates of the dam. Individuals surviving entrainment through the Link River Dam
must then be reared within Link River or the
unfavorable habitat of Keno Impoundment. Link
River Dam is the only dam with a fish ladder
accessible to suckers for upstream passage;
detection of suckers using the ladder to pass
upstream into Upper Klamath Lake has been
limited but appears to be increasing (T. Tyler,
Bureau of Reclamation, personal communication 2010).
RECOVERY
Though not entirely obvious, the story of
Lost River sucker and shortnose sucker is somewhat of a success story. The life history and
ecology of these species has enabled them to
persist despite the dramatic loss or impairment
of significant portions of habitat, disruption of
reproduction and gene flow, intensive harvest,
and even loss of entire populations. Nonetheless, these species still have a high risk of extinction, given that populations with fewer individuals are in general less resilient to perturbation (Shaffer 1981, O’Grady et al. 2004). Likewise, as the number of populations (or unique
subpopulations) declines or as populations continue to exist without connectivity, genetic variability and adaptability may also decline and
the risk of extinction increases. O’Grady et al.
(2004) determined that population trend was
the best predictor of extinction risk, especially
for relatively large populations. Given the significant declining trend in spawning population
size (E. Janney and D. Hewitt, USGS, unpublished data), these species are truly endangered.
Efforts to minimize threats and reduce this
risk of extinction have recently achieved several
significant improvements to habitat. Approximately, 2200 ha of wetland and riparian habitat
by the delta at the mouth of the Williamson
River were restored through cooperative efforts
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of The Nature Conservancy, Natural Resources
Conservation Service, U.S Bureau of Reclamation, U.S. Fish and Wildlife Service, PacifiCorp, National Fish and Wildlife Foundation,
Oregon Watershed Enhancement Board, and
The Klamath Tribes (Crandall et al. 2008, TNC
2009). Likewise, even though passage at the
Chiloquin Dam on the Sprague River was possible (Janney et al. 2009), it is believed that
removal of this dam (2008) will ease the access
of spawners to the 78 km of spawning habitat
upstream and increase the out-migration of larvae and juveniles (Ellsworth et al. 2009, 2010).
Screening of the A-canal intake (2002), as well
as screening of a major diversion point along
the southwestern shore of Upper Klamath Lake
(Geary Canal; 2009), should significantly reduce
the entrainment of juveniles over 30 mm.
Notwithstanding the similarities of these
species in both ecology and threats, it is important that recovery efforts be focused on each
species separately to (1) continue clarification of
basic evolutionary and ecological trajectories
of each species and (2) address management
practices, such as improving water quality or
reducing entrainment, that will most effectively
lessen the impacts of threats. To accomplish
this objective, research and recovery actions
should be implemented for population-level
units nested within subbasin-level units for each
species. This research should include clarification of population dynamics and vital rates for
each life stage within populations, including
those populations that appear to be reproducing
and stable. Most importantly, research should
examine the factors affecting the juvenile stage
within Upper Klamath Lake and the apparent
lack of recruitment to the spawning population.
It is also very important that coordinated synthesis of research be conducted regularly. Given
the various entities and organizations involved in
the recovery of the 2 sucker species, it is important to gather and combine information from
all populations to better understand the needs
of the species. For example, clarification of vital
rates within Clear Lake populations may provide
insight into the limiting factors in Upper Klamath Lake. As efforts proceed, the effectiveness
and outcomes of actions, individually and collectively, must be assessed. For example, as connectivity among populations is restored, it will
be imperative to understand the developing
patterns of metapopulation dynamics, including immigration, emigration, and gene flow.
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Notwithstanding the amount of valid information on Lost River sucker and shortnose
sucker, much remains uncertain. Thus, management policy should include a mixture of
available approaches, and all potential means
should be explored and utilized if deemed appropriate (Belk and Johnson 2007), such as the
use of modeling scenarios, including population
dynamic matrices, for assessment of potential
outcomes to actions (Ruckelshaus et al. 2002).
Given the declining trend of spawning population numbers within Upper Klamath Lake, it
may also be necessary to initiate a controlled
propagation program to conserve unique genetic
stocks and diversity, as well as to provide the
opportunity for artificial augmentation, as part
of the process. However, given the concerns
associated with such programs (Ryman and
Laikre 1991, Belk et al. 2008, Rasmussen et al.
2009), planning and preparation should be
undertaken to minimize negative consequences.
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